This paper reports the results of a literature search for information about the soft-tissue anatomy of the extant non-human hominoid genera, Pan , Gorilla , Pongo and Hylobates , together with the results of a phylogenetic analysis of these data plus comparable data for Homo . Information on the four extant non-human hominoid genera was located for 240 out of the 1783 soft-tissue structures listed in the Nomina Anatomica . Numerically these data are biased so that information about some systems (e.g. muscles) and some regions (e.g. the forelimb) are over-represented, whereas other systems and regions (e.g. the veins and the lymphatics of the vascular system, the head region) are either under-represented or not represented at all. Screening to ensure that the data were suitable for use in a phylogenetic analysis reduced the number of eligible soft-tissue structures to 171. These data, together with comparable data for modern humans, were converted into discontinuous character states suitable for phylogenetic analysis and then used to construct a taxon-by-character matrix. This matrix was used in two tests of the hypothesis that soft-tissue characters can be relied upon to reconstruct hominoid phylogenetic relationships.
Introduction
The anatomy of the living hominoids, the extant primates most closely related to modern humans (Table 1) , has long attracted the attention of researchers However, these observations made little impact on the taxonomy of primates, which continued to reflect the prevailing wisdom that modern humans differed so fundamentally from their closest non-human relatives that they deserved recognition at a high level in the Linnaean hierarchy (e.g. Order Bimanus [Blumenbach, 1795] Family Hominidae [Gray, 1825] ).
Technical advances in the last 100 years have made available new types of evidence for consideration by primate taxonomists. First, came molecular evidence about the differences among higher primates (e.g. Nuttall, 1904; Zuckerkandl et al. 1960; Goodman, 1963; Zuckerkandl, 1963; Sarich, 1967 Sarich, , 1968 . In the past few decades this has been supplemented by comparative evidence about sequence differences at the level of the genome (e.g. Goodman et al. 1994 ; Ruvolo, 1997) . Both these classes of evidence have reinforced the integrity of a group that includes the African apes and modern humans. However, it is only relatively recently that a cadre of researchers has been willing to promote, and adopt, a taxonomy that recognizes a particularly close relationship between Homo and Pan , and between these taxa and Gorilla (e.g. Goodman, 1963; Goodman et al. 1994; Shoshani et al. 1996) (Table 1) .
Until the advent of molecular and DNA sequence data, nearly all the evidence taken into account by those studying hominoid systematics came from the hard tissues, and especially the hard tissues of the skull.
Evidence from soft tissues has been incorporated into some systematic reviews (e.g. Groves, 1986; Shoshani et al. 1996) , but in all cases soft-tissue data were substantially outnumbered by skeletal and dental characters. This near total reliance on skeletal and dental evidence is unfortunate for at least three reasons. First, it equates 'morphology' with 'hard tissue' or 'skeletal and dental' morphology. Second, recent studies have cast doubt on the effectiveness of traditional craniodental hard-tissue evidence for reconstructing hominoid phylogeny (Hartman, 1988; Harrison, 1993 Providing resources are made available to curate and conserve these collections appropriately, they will continue to allow researchers to collect information about gross morphology, both external and internal, as well as providing opportunities to collect data about skeletal and dental microstructure. In addition, the skins, depending on the preservation medium (Hall et al. 1995) , may also retain sufficient DNA to allow segments of the genome to be characterized. Some of the comparative collections include detailed information about the location, condition, size and weight of the carcass immediately after the animal was trapped and killed. In many cases these data are sufficiently precise to enable skeletal and dental variation to be studied at the level of the species and subspecies, and in some cases also at the level of the deme. However, because of the severely diminished size of hominoid populations in the wild, opportunities to collect comparable data for soft-tissue anatomy are effectively at an end.
Given this context, our study comprised three activities. First, we collated and reviewed evidence in the literature about the soft-tissue anatomy of the living hominoids. Second, we summarized these data to draw Table 1 An example of a taxonomy of the living higher primates that recognizes the close genetic links between Pan and Homo. Note that the meanings of 'hominid', 'hominin' and 'hominine' differ from those used in more traditional taxonomies
There are sound reasons for regarding a short description by the Dutch physician Nicolaas Tulp of an anthropoid ape (presumably a chimpanzee) from Angola as the earliest contribution, at least in Western culture, to the scientific literature about the group we now refer to as the Hominoidea (Tulp, 1641). References to 'apes', as well as to 'monkeys' and 'baboons', by Aristotle in his Historia animalium hold the promise that the first of these refers to modern hominoids. However, the Ancient Greeks used the term 'ape' to refer to the 'tail-less' or 'Barbary' ape, which is known to modern biology as the Old World monkey, Macaca sylvanus . 
Materials and methods
Computer searches were made of contemporary anatomical, zoological, surgical and pathological journals.
However, much of the relevant literature antedates computer-generated bibliographic resources. Thus, most journals had to be searched manually. The initial selection of journals was based on the titles that showed up regularly in the relevant sections of Ruch's (1941) Bibliographia Primatologica or in the reference lists of key articles (e.g. Sonntag, 1923 Sonntag, , 1924a Sonntag, , 1924b Hill, 1949 Hill, , 1958 and monographs (e.g. Sperino, 1897; Raven, 1950). Some of these concentrated on a particular species, whereas others were based on a study of a particular anatomical region; the language of the article was not a bar to inclusion. Doubtless we have missed papers that contain useful information, but this project has at least initiated the process of gathering information about hominoid soft-tissue morphology in a systematic way.
This study used the modern human soft-tissue structures listed in the Nomina Anatomica (NA) as a reference tool for taking stock of the published data about non-human hominoid soft-tissue morphology. Clearly this list omits a few structures not normally found in modern humans. However, it has the advantage that, because it is a list that has been developed over time by experienced human morphologists, if it errs then it does so on the side of being conservative and comprehensive. Only a very few of the entries are too generalized to be useful (see the references to the skin below).
With the minimum of modification it was possible to match observations in the literature on non-human hominoids with the structures listed in the NA. Thus, the total number of relevant NA soft-tissue structures -1783 -is a sensible denominator to use in order to assess the coverage of information about the non-human hominoids, both by system and by anatomical region.
The organization of the information was based on the scheme used in the Sixth Edition of the NA (Warwick & Brookes, 1989) . Information from the literature was organized initially by system, or major system component (e.g. 'arteries', 'veins', 'lymphatics' within the vascular system), and then it was cross-referenced by region where appropriate (i.e. for muscles, nerves, arteries and veins). Four relatively crude regional categories were recognized, the 'Head' (H), 'Forelimb' (F), 'Trunk' (T) and 'Hindlimb' (HL). Information about the limb girdles was included in the respective limb categories, and neck structures were included in the 'Trunk' category. Vessels and nerves were dealt with by region rather than by system, so that, for example, the vasculature of the gut is dealt with under the vessel type, and then assigned to the 'Trunk' regional category, rather than to the 'Alimentary System'.
Results
Some idea of the scope of the information gleaned from the literature can be gained by inspecting Appendix 1. The rows of information are the soft-tissue structures used in the NA, and they are identified using the untranslated NA nomina. Where appropriate the regional allocation (i.e. H, F, T and HL) is given in paren- To help the reader comprehend the large amount of information in Appendix 1, the data have been summarized in Table 2 . The system categories, and when appropriate their regional subcategories, are set out in the rows of Table 2 . The first column (NA) lists the total number of structures listed in the NA within that category, or subcategory. The second column (N-HH) gives the number of structures within any NA category, or subcategory, for which there is information for one, or more, non-human hominoid genus. Column three (NA%) provides the percentage, within each category and subcategory, of the NA structures for which information is available for at least one non-human homi- It is evident from Table 2 that the global figure of 35% of NA soft-tissue structures represented in the literature by information from more than one nonhuman hominoid obscures major differences in the representation of systems, tissues and regions. There are three general levels of sampling intensity. Muscles are sampled most intensively, with information being available for more than one non-human hominoid for nearly 90% of the muscles listed in the NA. Among the larger categories of structures the next level of sampling intensity, c . 40-50% of the NA structures, applies to the arteries, the heart and the nerves. The remaining numerically large NA categories are sampled at substantially lower levels of intensity. Of these, the best represented is the alimentary system with 27% of the NA structures represented in the literature. The venous component of the vascular system is the least well represented, at 12%. Among the categories with smaller numbers of structures listed in the NA, the endocrine glands and the skin are relatively well represented, at 43% and 44%, respectively. There appear to be discrepancies between the information under the 'Skin' system category given in Tables 2 and 3 and Appendix 1, and the zero score in this category in Table 4 . This is because although there are data for the skin in the literature, these data do not correspond to any of the major structural skin subcategories given in the NA.
Regional differences in sampling intensity are also noteworthy, and will be referred to again in the 'Discussion' section. When the major system categories, or subcategories, are broken down into the four major regions, the forelimb is always either the most intensively sampled region, or, in the case of the muscles, it shares that distinction with the hindlimb. In contrast, the head is always the region least intensively sampled in the existing literature.
If the sampling criterion is altered to consider the NA structures for which information is available for all four of the non-human hominoid primates (Table 3) , the dominance of evidence about muscles, and the more intensive sampling of the forelimb, are themes that are repeated. The organization of Table 3 follows that of In view of the foregoing, we have used the soft-tissue data discussed in the first part of this paper as the basis of a new phylogenetic analysis.
Materials and methods
The soft-tissue structures selected for phylogenetic analysis are a subset of the 240 structures that are summarized in Table 3 . They were chosen using three criteria. The first was that for a structure to be included relevant information had to be available for all five hominoid genera ( Homo , Pan , Gorilla , Pongo , Hylobates ).
This avoided the problem of missing data. The second criterion was that at least two character states had to Table 4 Soft-tissue structure information broken down by system category, and subcategories, and genus. System categories and subcategories form the rows. The columns are the total number of taxonomic appearances for that system, together with the system rank-order (R). The columns thereafter give the numbers for each genus. N-HH% = Percentage of the total numbers of appearances for that genus be present for each structure. This criterion excluded invariant characters. The third was that for each structure one of these character states had to be present in two or more species. This last criterion eliminated characters that were uniquely derived for a given species.
One hundred and seventy-one characters conformed with the three criteria. This is 26 fewer than the number of characters analysed by Gibbs et al. (2000) .
Since the publication of that study the character list has been further refined to eliminate redundancy, maximise the number of ordered characters, and to exclude characters where differences in sample size might have been influencing the choice of character states. We stress that, whilst we have made every effort to maximise the reliability of the data set, it should nevertheless be treated as a 'work in progress'. In particular, there is a pressing need for studies that will shed further light on variation in the 171 characters within each of the four extant ape genera.
Brief descriptions of the characters, their states and distribution, and the references from which the data were taken are given in Appendix 2. To facilitate further analysis of the characters, they have been organized into slightly different regional and system groups than those used in the NA and Table 2 
Discussion
This study used soft-tissue structures listed in the Nomina Anatomica to summarise the published data about non-human hominoid soft-tissue morphology.
The taxon coverage is summarized in Table 4 The rank order of the total taxon occurrences by system categories and subcategories is also given in Table 4 . This rank order, at least for the six best represented NA categories and subcategories, is generally consistent across the four non-human hominoid taxa.
The numerical pre-eminence of information about muscles, arteries and nerves is perhaps unsurprising given that across the years these structures have attracted the interest of comparative and clinical anatomists. However, the consistently higher rank for urogenital system structures compared to those from the alimentary system is unexpected, and not easily explained.
When we consider the pattern of regional representation of system categories and subcategories for the structures for which data exist for all four non-human hominoids (Table 3) , it is evident that there are substantial regional biases. The most obvious bias is in favour of the limbs, and in particular the forelimb. This latter bias is particularly striking for the subcategories of the vascular system. The extent of the over representation of the limbs has to be considered in relation to the relative numbers of soft-tissue structures in the four anatomical regions in each of the major NA system categories. So, for example, whereas the limbs contribute 28% and 30% of the arteries and nerves in the relevant NA category (Table 5) , they make up 80% and 95% of the respective structure categories in the PA (Table 6) What is remarkable is that interest in functional ana- . We suspect that homoiology plays a minor role in the generation of the phenotypes we use in our soft-tissue data set.
Whereas the mass of a muscle may be affected by activity or inactivity, its attachments are unlikely to be. does not hold. Rather, the contrast is apparently between molecules and soft-tissue morphology on the one hand, and cranio-dental hard-tissue morphology on the other. However, it is possible that factors other than the nature of the tissue may be influencing the outcome of this study. The 171 soft-tissue characters are not distributed across the major body systems in proportion to the numbers of structures listed in the NA (Table 5) , nor are they distributed evenly across the regions of the body. Muscles (64%) predominate in the 171 PA characters (Table 6 ), whereas two out of the three vascular subcategories, the veins and the lymphatics, are poorly represented and unrepresented, respectively, in the PA structure list (Table 6 ). Like the distributions of the structures set out in Tables 2 and 3, the 171 PA characters are affected by very substantial regional biases that favour the limbs. Thus, 141 of the 171, or 82%, of the characters included in the phylogenetic analysis are limb characters (Table 6 ). In contrast, the head is badly under represented, so that, for example, there are no head and neck arteries or veins in the PA list (Table 6) 
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